Discu88ion.-Mr. H. A. T. FAIRBANK said it might be of interest to record a recent experience. A married woman, aged 45, somewhat obese, had complained of pain in the lower back and right buttock for six years. The pain radiated down the right leg to the ankle. The left hip had usually been prominent, but recently she had noted that sometimes the right hip had projected. When examined on two occasions there was a definite tilt of the spine towards the right. X-ray examination showed narrowing of the disc between the fourth and fifth lumbar bodies, but with clean, somewhat sclerosed, adjacent surfaces of these bodies, and no sign of tuberculous infectionr. A blocked leather corset gave comfort, but not complete relief. Although the patient's story of the alternation of the spinal tilt was doubted, a subsequent examination of the spine showed the tilt to be in the opposite direction, i.e., to the left, away from the painful side. The neurologist reported that the pain was referred principally down the second and third lumbar nerves, although the lesion seen in the skiagram was at a lower level. With some hesitation a manipulation of the spine was performed, with decided benefit to the patient. It is as yet too early to express an opinion as to the permanence of the improvement. In this case there appears to have been a definite alteration in the direction of the spinal tilt, though not with the dramatic suddenness demonstrated by Mr. Capener.
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The Place of Operations upon the Sympathetic System in the Treatment of Poliomyelitis.
By W. H. OGILVIE, M.Ch.
ABSTRACT.-Introduction: Revived interest in sympathetic surgery originated in orthopmedics. Royle's theories and operations. Their trial, failure and final abandonment. Value of sympathetic operations widely investigated; while finality has not been reached they have proved effective for three main purposes: (1) Relief of pain especially in bladder diseases.
(2) Removal of inhibition and sphincteric spasm in alimentary, anal and bladder diseases.
(3) Production of vaso-dilatation in (a) vaso-spastic diseases; (b) vaso-degenerative diseases; (c) conditions not due to arterial disease in which increased blood supply is beneficial.
Poliomyelitis falls into the last group.-Cause of poor blood supply uncertain; 2 lack of function; ? upset of some reflex; ? paralysis of vaso-dilators. Two problems arise, both of which may be treated by operations on the sympathetic: (1) The cold, blue limb, which develops chilblains, sores, or even deep ulcers every winter, often stopping treatment and requiring patient to be confined to bed. (2) The limb with considerable and rapidly increasing shortening. Sometimes these limbs show a fair return of power, and were it not for the heavy boot made necessary by the shortening, the patient could be made to walk well.
Method of attack.-(1) Periarterial sympathectomy; (2) ramisectomy; (3) ganglionectomy. Physiological basis of each. Criticism of (1) and (2).
Details of the operation for ganglionectomy.-Alternative approaches and their advantages. The immediate and late results of the procedure.
Five cases discussed briefly.
The surgery of the sympathetic system is not new. For more than thirty years Continental surgeons, chief among them Jaboulay Jonnesco, and Leriche, have been interested in the subject, and have explored many avenues, the majority of them blind alleys. But sympathetic surgery as a science, based upon an exact knowledge, proceeding upon planned lines, and checked by careful observation, is very new, and it is satisfactory to reflect that three of the chief names in this revival are those of British workers, Hunter, Royle, and Learmonth. It is comforting too to remind ourselves that the resurrection of sympathetic surgery started with orthopedics.
All of us can remember the tremendous impression that was made in the scientific world by the first papers of Hunter and Royle in the Australian Medical Journal of 1924, an impression that was increased shortly afterwards when Hunter's more detailed articles, setting forth his investigations into the anatomy and physiology of the sympathetic innervation of striated muscle, made their appearance. There cannot have been many who were not convinced that the problem of the treatment of spasticity due to upper motor nerve lesions had been solved, and many of us in this room proceeded in this faith to practical trial. It is unnecessary here to dwell on the failure of these operations, or to insist once again that ramisectomy has proved valueless as a means of combating muscle-spasm, and that the physiological basis upon which it rested stands discredited.
But while this Australian work has proved to be ill-founded, 'it baa been another North-West passage, a dream that has sent out many adventurers on voyages of discovery, and has led to the conquering of territories before unsuspected. Four years ago, discussing sympathetic surgery, I wrote-"Since its functions are imperfectly understood, operations upon the sympathetic system are in the nature of experiments; their scientific basis is uncertain, their value, judged as it must be on empirical grounds, a matter of opinion."
That was, I think, a fair summary of the position in 1928. To-day, largely due to careful research work, and the extended observation of series of cases, this branch of surgery stand's upon fairly secure ground. While finality has by no means been reached, it may be said that operations upon the sympathetic system are of proved value for three main purposes:
(1) For the relief of pain, particularly in diseases of the pelvic organs.
(2) For the removal of inhibition and of sphincteric spasm, especially in the large intestine and bladder.
(3) For the production of vaso-dilatation: (a) in the treatment of vaso-spastic diseases; (b) in the treatment of degenerative diseases of the arteries, where some vessels in the limb are still healthy and retain their power of dilatation; (c) in the treatment of conditions not due to arterial disease in which an increase of bloodsupply is beneficial.
Poliomyelitis falls into this last category. The amount of circulatory disturbance is very variable, and though cases with extensive paralysis nearly always show such changes to a marked extent, these changes do not necessarily run parallel with the degree of paralysis, or even necessarily with the tendency to develop what we call " trophic " sores. But diminished circulation is so characteristic of the disease, and so exceeds that seen in a paralysis of similar degree and distribution due to destruction of the upper motor neurone or to peripheral nerve injury, that the blue cold limb is always pointed out to the student as one of the cardinal features of infantile paralysis. The cause of this poor blood-supply is uncertain. Were it simply the result of a lack of function, similar changes might be expected in peripheral nerve lesions. Paralysis of centres in the cord subserving vaso-dilation has been suggested as a possible explanation, but there is no evidence that such centres or nerves exist, and vaso-dilatation is apparently called forth by chemical stimuli, the results of the products of metabolism.
Whatever the cause of the poor circulation, it appears that the change is one of diminished supply on the arterial side, and not merely one of venous or capillary stasis due to the lack of muscle tone, and that the arteries retain their power of dilatation at any rate for a great number of years. This power of dilatation can be determined by an estimation of the vasomotor index, a test that should be carried out in every case before an operation on the sympathetic is undertaken with a view to increasing the blood supply. The vasomoter index originally took the form of the "fever test " proposed by Adson and Brown. An artificial pyrexia is produced by administering from 25,000,000 to 75,000,000 dead typhoid bacilli by hypodermic injection. The mouth temperature is recorded with an ordinary clinical thermometer 430 3ql Section of Orthopcedics and the surface temperature of the limbs with a flat bulb thermometer or an electrothermocouple; readcings are taken hourly, till the maximum rise has been obtained. In a normal person the mouth temperature will have increased on an average 60 F., and the skin temperature three or four times that amount. In diseases due to vasospasm, such as Raynaud's disease, the rise in surface temperature will be greater, since the initial temperature is lower than that in a normal individual; in diseases due to arterial degeneration there will be little, if any, rise in the surface temperature since the arteries are incapable of dilatation. The Chart showing the results of a test of the vasomotor index in Case IV, by administration of a spinal anEesthetic. The initial surface temperature of the thigh, the calf, and the dorsum of the foot is muich lower in the paralysed than in the sound leg, but the rise of temperature following blocking of the vaso-constrictor impulses is almost identical on the two sides. therefore an indication of the power of dilatation in the artery and therefore of the results that may be obtained by sympathetic resection. Vaso-dilatation may be obtained by other means-by administering a general or spinal aniesthetic, by exposing the limb in a hot-air cradle, or by injecting novocain round the sympathetic chain or the peripheral nerves. In practice, when dealing with the lower limbs, the most practical test is by the administration of a spinal anaesthetic. Above is the chart obtained by this means in a case in which forty years had elapsed since the outbreak of poliomyelitis (Case IV, p. 39).
As orthopaedic surgeons our chief concern is with the loss of power in the voluntary muscles, and the deformities which result from the action of gravity and the unopposed action of unparalysed groups. There is at present no evidence that this problem can be affected by any attack on the sympathetic innervation of the limbs. There are, however, two outstanding syndromes that can be treated by sympathetic operation with results that are apparently satisfactory. One is the blue, cold limb, usually also cedematous in which chilblains, sores, or even deep ulcers develop every winter, often requiring the omission of all treatment, and arrested only by keeping the patient in bed sometimes for months on end. The other, not necessarily accompanied by pronounced circulatory changes, is the limb with considerable and rapidly increasing shortening, demanding a high and therefore heavy boot, so that even if a fair return of power has become evident in the quadriceps and extensors of the ankle, this is insufficient to control the heavy apparatus made necessary by the shortening. That sores due to deficient circulation may be averted by improving the circulation is self-evident; that increased bone growth follows an increased blood-supply during and even after the growth period, is shown by the many cases in which such growth has been observed following cirsoid aneurysm of the limb, ligature or thrombosis of the femoral vein, chronic osteomyelitis or central abscess of bone, or even fracture of the femur.
Several methods of attack have been devised to remove the vasoconstrictor impulses to the arteries of a limb. These fibres have been interrupted by:
(1) Resecting the plexus round the arteries tbemselves-the operation of peri-arterial sympathectomy.
(2) Dividing the grey rami passing from the sympathetic ganglia to the spinal nerves of the limb plexus-the operation of ramisectomy. (3) Removing part of the sympathetic chain itself-the operation of ganglionectomy.
Peri-arterial sympathectomy has been advocated for many years by Leriche, and has been practised by several surgeons in this country, chiefly in the treatment of senile gangrene. The operation could only be expected to succeed if the plexus was a continuous one, the vasoconstrictor fibres passing with the arteries from their origin in the trunk to their final ramifications. The researches of Woollard, however, appear to show that this is by no means the case-that the peri-arterial plexus at any point is of only local significance, consisting of fibres supplying the coats of the artery in the immediate neighbourhood and that it is continually reinforced by non-medullated fibres derived from the spinal nerves in the neighbourhood. If this view is accepted, the physiological basis for the operation disappears. It must be admitted that the results of such operations performed in this country have been disappointing in the extreme, that the improvement, which has undoubtedly been obtained in some cases, has been moderate and short-lived, and that few surgeons of repute have persisted in the method. By ramisectomy it should be possible to remove the whole of the vasomotor nerves of a limb without interfering with the sympathetic innervation of other important structures supplied from the same level in the sympathetic chain-in the upper limb, the fibres to the pupil, in the lower limb, those to the bladder and large intestine. Unfortunately the grey rami are hard to identify and very inconstant in their site and course, so that the operation of ramisectomy is more difficult and less successful than that of ganglionectomy, which has, for practical purposes, become the accepted method of procedure.
The grey rami to the brachial plexus, carrying the vasoconstrictor fibres, leave the sympathetic chain at the middle cervical, cervicodorsal or stellate, and second dorsal ganglia. The highest white ramus passes from the first thoracic nerve to the stellate ganglion. It is clear, therefore, that removal of the stellate and second dorsal ganglia will interrupt all vasomotor impulses passing to the upper limb. Resection of these two ganglia have proved very successful in Raynaud's disease, which commonly attacks the hands. I will not, however, discuss this operation here, since, though poliomyelitis attacks the arm only slightly less frequently than the leg, shortening is unimportant and circulatory changes seldom so pronounced as to call for special treatment.
The sympathetic supply to the lumbar and sacral plexuses is less regular.
Cunningham states that: " This part of the gangliated cord is characterized by great irregularity in the number of the ganglia. They are usually four in number, but there are frequently more (up to eight): grey rami pass from the gangliated cord to the anterior primary divisions of the lumbar nerves in an irregular manner. One ramus may divide so as to supply branches to two adjacent nerves; or a spinal nerve may be joined by two to five grey rami from the gangliated cord."
In the pelvis grey rami pass from the sacral portion of the sympathetic chain to the anterior primary divisions of the sacral nerves and coccygeal nerves. The lumbar ganglia may receive white rami communicantes as low as from the third lumbar nerve, but the outflow usually ceases at the second lumbar nerve. The white ramus from the first lumbar nerve to the first ganglion is large and unmistakable. The rami of the second and third nerves may contain both white and grey fibres, and distinction is usually impossible.
It is clear from this summary that the complete interruption of sympathetic fibres passing to the lumbar and sacral plexuses, by the operation of ramisectomy is difficult, and the results are likely to be incomplete. On the other hand, complete removal of the lumbar portion of the sympathetic chain below the first ganglion will ensure the interruption of all sympathetic fibres going to these plexuses. In Hunter's papers it is stated that " this operation could not be considered in the human subject on account of the changes that would follow removal of the sympathetic nerves of the abdominal viscera." Prolonged observations of the effects of the operation of lumbar ganglionectomy, both in this country and America, have shown these fears to be unfounded.
The lumbar sympathetic chains lie on the side of the vertebral bodies, on the nner border of the psoas muscle. On the left the chain is overlapped by the aorta, on the right it is covered more completely by the inferior vena cava. The lumbar vessels form an important relationship: the arteries nearly always pass behind the chain, but some of the lumbar veins, especially on the right side, pass superficial to it, and must be divided before the chain can be exposed. The first ganglion usually lies on the body of the second lumbar vertebra; the fourth at the brim of the pelvis, commonly under cover of the common iliac vessels.' Lumbar ganglionectomy may be performed by the abdominal or the lumbar route. When both chains have to be removed, the abdominal exposure is obviously preferable, and it is the one recommended by Adson in the treatment ofRaynaud's disease.
The patient is placed in the Trendelenburg position. A paramedian incision 6 or 7 inches long is made to one or other side, with its centre at the umbilicus. There is a tendency to make this incision too low; the lowest part of the lumbar chain lies only a short distance below the umbilicus, while its upper end is about the pyloric plane. To approach the left lumbar chain, the peritoneum is incised about half an inch to the left of the iliac colon, over the whole width of the iliac fossa, and the incision is continued up to the outer side of the descending colon for two inches. The peritoneum is pushed back with the fingers off the quadratus and psoas muscles, carrying the colon and its vessels, and the left ureter, till the aorta and the left common iliac artery are exposed. The chain lies on the inner border of the psoas, but it is overlapped to some extent by the aorta, and is covered by a mass of loose fat and glandular tissue. It is exposed by blunt dissection in this situation, the aorta being held gently to the right by a broad retractor applied over a Proceedings of-the Royal Society of Medicine 38 moist swab, which also keeps the intestines out of the way. The best dissector is a pledget of gauze the size of a pencil, held in fcrceps. When the lumbar ehain is identified it is cleared from the brim of the pelvis to the second ganglion. The fourth ganglion is then picked up, and the chain divided below it. This cut end is seized in Spencer-Wells forceps and pulled up slightly, and in this manner all branches leaving or entering the chain are divided, the chain being lifted up as it becomes free, till the second ganglion is isolated. The cord is finally divided between the first and second ganglia. To approach the right sympathetic chain, the small intestines are packed upwards and to the right, and the pelvic colon to the left. The peritoneum is incised vertically between the rigbt ureter and the inferior vena cava. The cord is cleared in a similar manner, but with greater difficulty, because the fourth ganglion is under cover of the right common iliac vein, the upper part of the chain is directly behind the vena cava, and the lumbar veins, in most cases, pass in front of the cord, and must be divided between ligatures. The operation is completed by suture of the incisions in the posterior abdominal peritoneum, and closure of the wound in layers. I have used the transperitoneal approach for my sympathectomies in poliomyelitis, but I am not entirely satisfied with it. On the right side, especially, the difficulties are considerable, and ligature of the short lumbar veins in a deep wound is somewhat trying. On both sides the full exposure of the second ganglion is hindered: on the left, by the pancreas and kidney; on the right, to a greater extent by the duodenum. In my latest cases-in which the operation has been for arterial disease-I have used Royle's lumbar approach, and I believe that this will prove to be more satisfactory. Even in this operation, the sympathetic chain lies at the bottom of a deep wound, but the intestines do not get in the way, -since the peritoneum is not opened, and, when the kidney is turned forward, the upper ganglia can more easily be exposed. It will be found advantageous to have a set of retractors of varying widths, so that one can be chosen that will hold the whole of the structures lying anterior to the operation field on its blade. I will now briefly relate the history of the four cases in which I have performed the operation. I. Female, aged 11. Onset of disease said to have been at age of 3 months. Both legs involved, but while moderate power returned in the right, the left was almost completely paralysed, and constantly blue and cold. In the winter of 1930 she suffered repeatedly from chilblains and sores.
Operation. 30.10.31. Removal of 2nd, 3rd, and 4th lumbar ganglia on the left side by abdominal route.
Since the operation the left leg, formerly very much colder, has been warmer than the right. She passed the winter of 1931 without any sores.
II Pre8ent condition. The leg has remained warm and of good colour. Shortening now just under 2 in. There is also some apparent improvement in muscle power.
IV. M. G., female, aged 42. Onset of disease at age of 2; left leg only affected. Shortening 2 in. Chief disability consisted in trophic changes in left leg. The calf was always very cold and oedematous, and a ring of reddened patches was present just above the boot all the year round, which tended to break down and ulcerate every winter.
O0peration. 30.6.32. Removal of 2nd, 3rd, and 4th lumbar ganglia on the left side by abdominal route.
After history. The patient was delighted with the effects of the operation. The sores all disappeared and the leg became warm and pink, so that at night she used to put the sound leg on the paralysed one to keep it warm. Improvement persisted till the frosty weather of November 1932, when the leg seemed suddenly to revert to its former condition.
Seen at Woburn, the leg seemed to be just as cold as before, and the sores had reappeared.
No vasomotor tests were made afterwards.
Resection of the sympathetic supply to a limb is followed immediately by dilatation of the vessels in that limb to their fullest extent. The skin becomes dry, pink, and warm. This condition is, however, only temporary; after some weeks the arterial coats recover some degree of independent tone and tend to assume a position mid-way between extreme dilatation and constriction. They are no longer fully relaxed, but, on the other hand, they cannot go into spasm. InRaynaud's disease, therefore, some permanent improvement is obtained by the operation. The published results are, I think, unduly optimistic. The impression I have gained from discussing the matter with several surgeons in this country is that a patient with Raynaud's disease upon whom ganglionectomy has been performed, after an initial period of complete freedom, once more has attacks of coldness and blueness in the extremity, which, however, never reach the same degree of severity as before;
indeed, the improvement is such that, when a unilateral operation has been performed, the patient desires the same operation to be carried out on the other side. In thrombo-angeitis obliterans, however, the results tend to be very mediocre, after some temporary improvement.
With poliomyelitis, we are, frankly, only feeling our way. Where we are faced with trophic sores, ganglionectomy can undoubtedly produce a great improvement. My fourth case shows that the improvement may be only temporary, but why this should be so is a question that cannot very well be answered if we do now know the cause of the poor circulation. At any rate, there is no evidence that any harm has been done, and I feel, in view of the more sustained improvement in the other two cases that the method is well worthy of further trial in such cases. When we are attacking the problem of shortening we are on more secure ground, for increased bone growth cannot be lost subsequently. That shortening may be decreased by as much as two-thirds of an inch in seven months is a most satisfactory observation, and I hope that in sympathectomy we shall discover a really useful method of attack on this most distressing sequel of poliomyelitis.
Discussion.-Mr. J. PATERSON Ross said that he had no personal experience of sympathectomy for poliomyelitis, but he had had the opportunity of testing one child, aged 12 years, upon whom Mr. Blundell Bankhart subsequently operated. This particular patient's legs behaved in a manner similar to that seen in patients suffering from Raynaud's disease, when the patient's body was heated in a hot air-bath while the temperature of the exposed legs was recorded. The operation of lumbar sympathectomy was entirely successful in improving the circulation in the affected leg.
Patients operated upon for Raynaud's disease still showed, though to a lesser degree, the susceptibility to cold, which might lead to a relapse in particularly cold weather. It was therefore of great interest to him, bearing in mind Mr. Blundell Bankhart's patient, to hear that some of the patients with poliomyelitis relapsed in the cold weather. He agreed, however, with Mr. Ogilvie that there seemed to be no satisfactory explanation of the cause of the cold blue limb in poliomyelitis. The operation of sympathectomy, carefully criticized, might help towards the elucidation of the problem, but till the causation was understood treatment could not be placed on a rational basis.
Mr. NAUGHTON DUNN said that in his experience the operation of bilateral ganglionectomy was a major operation accompanied by considerable shock even in skilled hands. Personally he referred this type of case to a neurological surgeon for operative treatment. Many of these children suffering from paralysis were poor surgical risks, and he hoped that what Mr. Ogilvie had said about this operation would not lead to advising it simply because the child suffered from chilblains. He was not satisfied that it had been provled that increased growth of the limb resulted from the operation. He had had the opportunity of discussing the value of the operation in the treatment of synovial infective arthritis of joints with Mr. Learmonth of the Mayo Clinic. He understood that the view of the surgeons working on this problem in the Mayo Clinic was that sympathetic ganglionectomy was helpful in relieving pain and swelling in the distal joints, wrist or ankle, but had little effect on the elbow or knee. He considered that Mr. Ogilvie's review of the problem of surgery of the sympathetic nervous system represented the opinion of the surgeons of international reputation who had had most experience in this branch of surgery.
